Productivity of spring maize hybrids was compared under different levels of potash at Agronomy Research Farm, The University of Agriculture KPK Peshawar during spring, 2014. The experiment was carried out in randomized complete block design (RCBD) with four replications. Four levels of K2O @ 0, 60, 90 and 120 kg ha -1 , and four spring maize hybrids viz., 30K08, 2031, CS200 and 3025 were studied. The texture of the experimental area soil was silty clay loam with alkaline nature (pH 7.5-7.8). The soil was deficient in total N (≤ 0.53g kg -1 soil) and K (≤ 92 mg kg -1 ) soil. A uniform dose of 150 kg N ha -1 and 90 kg P ha -1 in the form of urea and DAP was applied. Nitrogen was applied in two equal splits i.e. 50% at sowing and 50% at 2 nd irrigation. Sulphate of potash was used as a source of potash. All K and P dose was applied at sowing time. Results exhibited that there was a considerable effect of K2O levels on plant height, leaf area and yield and yield components except number of ears plant -1 and plants at harvest. Applying K2O at the level of 90 kg ha -1 boosted yield and yield components yet increasing level of K2O above 90 90 kg ha -1 had no profound effect. Among the hybrids, CS200 performed better by producing more grain and biological yield. Hence for obtaining higher grain yield, Hybrid-CS200 with application of K2O at the rate of @ 90 kg ha -1 is recommended.
Introduction
In plant growth and sustainable crop production potassium (K) as a macronutrient plays a vital role [1] . It assists in opening and closing of stomata, osmoregulation of plant cell [2] , and maintains turgor pressure of cell which is necessary for cell expansion. It is well known for the triggering of more than 60 enzymes. Application of K potassium has primitive influence on development and growth [3] and grain yield in maize [4] . It not only affects the rate of photosynthesis but also regulates transport of assimilates in maize. It is familiar for its interaction both synergistic and antagonistic with essential micro and macro nutrients. Potassium K application is known vital for effective nitrogen utilization and have a fairly consistent result on lowering tissue concentration of Ca 2+ and Mg 2+ [5, 6] . Due to modification in uptake, accumulation, translocation, growth and utilization [7, 8] The maize genotypes respond to potassium K application in a different way. K responsive genotype is a complex one, involving a mixture of uptake and utilization efficiency mechanisms. Cultivars effective in K uptake and its utilization may have a larger leaf area. Improved translocation of K into plant organs, enhanced ability to uphold cytosolic K + concentration within optimal ranges and augmented capacity to substitute Na + for K + are the key mechanisms underlying K utilization efficiency. Hybrids with low harvest index under meager K supply were K-inefficient. Ability to bear low concentrations of potassium K in shoot tissue where K supply was rare, was also important in determining K proficiency for grain yield. Hybrids which are K-efficient may have the potential to improve the sustainability and efficiency of cereal cropping systems. Proficient plant varieties could have improved fertilizer use efficiency (FUE) [9] and leave low soil nitrogen and K as it is now understood that both of these elements should be present in adequate and balanced amounts for appropriate crop growth [1] and hence may conserve environment and decrease input cost and. Potassium K in the soils is declining rapidly and net K draining rate is even steeper (0.3 kg ha -1 year -1 ) in Pakistan. It may be due to the inappropriate utilization of K in Pakistan in comparison to the world average K use. Consequently, it was needed to recognize spring maize hybrids effective in K uptake to provide best opportunities for future breeding research towards low input, sustainable and environment friendly agriculture. Therefore, the present study was mainly aimed to explore at exploiting the genetic variation among four different spring maize hybrids for their suitable K level. 
Materials and Methods

Experimental site
Number of grains ear -1
The ears harvested for grains yield were used for the determination of number of grains per ear by selecting five ears randomly from each plot, dried and shelled for counting the grain ear -1 .
Thousand grains weight (g)
Data regarding 1000 grains weight was recorded by counting randomly selected grains from seed plot. Grain yield (kg ha -1 ) Grain yield was recorded after shelling of ears from each three rows and was converted into kg ha -1 . Biological yield(kg ha -1 ) Biological yield was recorded by weighing all the plants harvested from three rows and then converted into kg ha -1 .
Statistical analysis
The data obtained was subjected to analysis of variance techniques appropriate for randomized complete block design and means of the treatments were compared using least significant difference (LSD) [9] . Results Leaf area plant -1 (cm 2 ) Leaf area was significantly affected by potash (K) application and hybrids (H) and their interaction (K x H) ( Table 1 ). Potash applied @ 120 kg ha -1 had the largest leaf area (4942.8 cm 2 ) which was statistically at par with 90 kg ha -1 , followed by 60 kg ha -1 (4752.1 cm 2 ), whereas less leaf area (3769.5 cm 2 ) was obtained where potash was not applied. Among the hybrids, larger leaf area (4797.3 cm 2 ) was recorded for CS200, followed by 3025 (4677.9 cm 2 ) and 30K08 (4517.9 cm 2 ), while lower leaf area (4401.5 cm 2 ) was recorded for 2031. Interaction between K x H showed that all the hybrids produced larger leaf area when K was applied at the rate of 90 kg ha -1 . Beyond 90 kg K ha -1 no further increase in leaf area was noted (Fig 1a) . Plant height (cm) Potash (K) application and hybrids (H) as well as their interaction significantly affected plant height (Table 1) . Long stature plants (215.25 cm) were produced when potash was applied @ 120 kg ha -1 which was statistically comparable to 90 kg ha -1 , followed by 60 kg ha -1 (198.37 cm) whereas short stature plants (179.43 cm) were produced in control plots. In case of hybrids, 30K08 produced taller plants (212.87 cm), followed by CS200 (205.87cm) and 3025 (199.81 cm) whereas short stature plants (189.62 cm) were recorded for 2031. As for as concerned with the interaction between K x H, mean data revealed that plant height increased significantly with the increase in potash level up to 90 kg ha -1 in all hybrids. However no further improvement in plant height was recorded with application of K above 90 kg ha -1 (Fig 1b) .
Number of plants at harvest (ha -1 )
Number of plants (ha -1 ) at harvest was neither affected by potash (K) application nor by hybrids (Table 1 ). Interaction between K x H was also non-significant for number of plants at harvest. Number of ears plant -1 was neither significantly affected by various potash (K) levels nor by the hybrids (Table 1) . Means in similar category of columns with different alphabets differ significantly from each other at p≤0.05 using LSD. **= Significant Ns= Non significant 
Number of ears plant -1
Similarly equal number of ears plant -1 were also recorded between the interaction of K x H. Statistical analysis of the data revealed that potash (K) application and hybrids (H) had significantly affected grains ear -1 (Table  2 ). Interaction between K x H showed no significant difference for grains ear -1 . Number of grains ear -1 Application of potash at the level of 120 kg ha -1 resulted in more number of grains ear -1 (547) however it was at par statistically with 90 kg K ha -1 , followed by 60 kg K ha -1 (515), while lower grains ear -1 (484) were recorded for the plots where potash was not applied. Among the hybrids, CS200 produced higher number of grains ear -1 (539), followed by 3025 (531) then by 30K08 (519), while 2031 resulted in lower number of grains ear -1 (504).
Thousand grains weight (g)
Thousand grains weight was significantly affected by potash (K) application and hybrids (H) as well as their interaction (K x H) was also significant ( Table 2) . Application of potash @ of 120 kg h -1 produced heavier thousand grains weight (414.87 g), followed by 90 kg ha -1 (391.68 g) then by 60 kg ha -1 (378.12 g), while control plots resulted in lighter thousand grains weight (354. 12 g). In case of hybrids, CS200 produced heavier thousand grains weight (395.18 g), followed by 3025 (384.87 g) whereas 2031 produced lighter thousand grains weight (375.37 g). As for as concerned with the interaction between K x H, mean data revealed that thousand grains weight increased significantly with increase in potash level in all hybrids (Fig 1c) . Grain yield (kg ha -1 ) Data in Table 2 regarding grain yield shows that potash levels and hybrids significantly affected grain yield. Grain yield was also significantly affected by interaction between K x H. Higher grain yield was recorded in those plots which received 120 kg K ha -1 (4192 kg h -1 ) 90 kg K ha -1 (4128 kg h -1 ) however both were statistically at par. Lower grain yield (3151 kg ha -1 ) was obtained in control plots. Among the hybrids, higher grain yield (4143 kg ha -1 ) was produced by CS200, followed by 3025 (3873 kg ha -1 ) and 30K08 (3547 kg ha -1 ), whereas lower grain yield (3424 kg ha -1 ) was produced by 2031. In case of interaction hybrid-CS200 sharply increased grain yield as K level was increased up to 90 kg K ha -1 . Hybrid-3025 increased grain yield linearly as K level increased up to 90 kg K ha -1 . Beyond 90 kg K ha -1 no further increase in grain yield was observed (Fig 1e) . Biological yield (kg ha -1 ) Data in association with biological yield revealed that there was significant variation for potash (K) application and hybrids (H) ( Table 2 ). Data collected on this plant parameter also revealed that interaction between K x H had significant. Application of potash @ 90 kg ha -1 resulted in higher biological yield (13580 kg ha -1 ) however it was statistically at par with 120 kg K ha -1 , followed by 60 kg K ha -1 (11502 kg ha -1 ), while plots where potash was not applied resulted in lower biological yield (10496 kg ha -1 ). Among the hybrids, CS200 produced higher biological yield (13630 kg ha -1 ), followed by 3025 (12776 kg ha -1 ) and 30K08 (11516 kg ha -1 ), whereas 2031 produced lower biological yield (11118 kg ha -1 ). As for as concerned with the interaction between K x H, biological yield tended to increase up to 90 kg K ha -1 in all hybrids, however further increase did not significantly affected biological yield in all hybrids (Fig 1d) . Discussion Growth parameters like leaf area and plant height are mainly controlled by the genotypic makeup and it can also be affected by the soil and environmental factors. For photosynthesis, leaf area is the most important plant factor to produce photosynthetic product. Stature of the plant differ crops in a number of ways and had a positive effect on the biological yield. Growth parameters (leaf area and plant height) were significantly improved with potash level 90 kg ha -1 . Improvement in growth parameters with potash application might be due to delayed leaf senescence, sustained leaf photosynthesis and better vegetative growth. Our results are also confirmed by [10] [11] [12] . Taller plants were observed for the hybrids 30K08 and CS200. Short stature plants were recorded for the hybrids 3025 and 2031. Hybrid-CS200 and hybrid -3025 produced larger leaf area as compared to hybrid-30K08 and hybrid-2031, respectively. Variation among the hybrids in growth parameters might be due to their genetic superiority. Interaction of K x H also significantly altered the growth parameters. Growth parameters were linearly improved with the application of potash at the rate of 90 kg ha -1 in all hybrids. Findings of our study are in line with [3, 13-16] who also found improvement in growth parameters in different cultivars with the application of potash. Grain yield is seen in terms of increased grain yield due to increased number of grains ear -1 , heavier thousand grains weight and increase in number of ears plant -1 . Yield parameters are the vital parameters and are end product of any management strategies. Yield components of maize (number of grains ear -1 and thousand grains weight) responded positively to potash fertilization and hybrids. Number of grains ear -1 was significantly increased when potash was applied @ 90 kg ha -1 , whereas heavier thousand grains weight was obtained when potash was applied at the level of 120 kg ha -1 . Increase in yield components with potash fertilization might be due to potassium has important role in water use efficiency, improved plant growth condition and cell division and also results in quick transportation toward grain as reported by [17] . Hybrids also varied for yield components. Among the hybrids, CS200 was the best hybrid in terms of higher number of grains ear -1 and heavier thousand grains weight in comparison with the rest of the hybrids. Maize hybrids varied in the number of grain ear -1 and thousand grains weight, possibly due to difference in genetic potential of hybrids. Interaction of K x H had also significant effect on thousand grains weight. In all hybrids heavier thousand grains weight was obtained with the application of potash at the rate of 120 kg ha -1 . Similar trends were also reported by [17, 18] . Grain yield and biological yield were significantly affected by potash fertilization, hybrids as well as their interaction (K x H). Grain yield and biological yield increased significantly by applying potash at the amount of 90 kg ha -1 . Reason behind the increase in grain yield and biological yield might be increase in potash level increased the rate of CO2 assimilation, stabilized the osmosis regulation, improved stomata closure and enzyme activity as a result of which more carbohydrates might have produced which might have increased grain yield and biological yield as observed by [19] . Hybrids also differed in grain yield and biological yield. Hybrid-CS200 out yielded in terms of grain and biological yield. It may be due to the fact that hybrids responded differently for grain and biological yield due to their different genetic potential expressed in terms of difference in leaf area, plant height, grain number ear -1 , 1000 grain weight, and prolificacy. Application of potash at the rate of 90 kg ha -1 improved grain and biological yield of all hybrids. Findings of our study are in line with [2, 10]. Conclusion It was concluded that application of potash @ 90 kg ha -1 improved number of grains ear -1 , thousand grains weight and grain yield. Protein content with increasing level of potash as compared to control plots. Among the hybrids CS200 performed well by producing more number of grains ear -1 , heavier thousand grains weight and higher grain yield. Hence it is recommended that hybrid-CS200 with application of potash at the rate of 90 kg ha -1 for obtaining higher grain yield.
